Abstract
Introduction

30
The pressure on the quality and the maximum impurities content of refinery products has been 31 increased in the last decades due to the environmental concerns associated to their use. The 32 suitable performance of the processes aimed to remove these impurities is essential to satisfy Shannon's information theory 25 , uses the maximisation of an information entropy criterion 
125
In the case of linear constrains were used, the problem is reduced to an optimisation of J 126 parameters of a no-linear equation that can be performed by the conjugate gradient method.
127
Once the Lagrange parameters are determined, the molar fraction of the molecules is 128 calculated in order to obtain the representative mixture of molecules. 
Reaction modelling
130
The goal of the kMC method is to describe the chemical reaction system at the molecular 131 level by following the transformations of a discrete population of molecules. Contrary to 132 deterministic methods, the temporal evolution of the system is not described by a set of 133 differential equations, but by a single probabilistic function termed the chemical master 134 equation (CME) 26, 27 . This equation determines the different status of the system in a 135 sequence of discrete-time steps. The evolution of the system is a result from chemical 136 reactions, those have associated a probability function, which depends on the reactant 137 molecule and the rate constant.
138
However, CME cannot usually be solved by analytical or numerical methods due to its high 139 complexity. In this case, a Monte Carlo procedure developed by Gillespie 12 and termed
140
Stochastic Simulated Algorithm (SSA) is used to solve CME. This method is based on an 141 event-space approach, i.e., the evolution of the system is followed event by event, resulting in 142 disparate time intervals between two consecutive events or, in this particular case, reactions.
143
The scheme followed in the application of the kMC method has been illustrated in Figure 2 .
144
The initial step of the procedure consists in the "molecular discretisation" of the set of 145 molecules generated by applying the SR-REM method. During this step, the replication of the discarded. The factor 0.5 arises from the rounding off to the closest integer.
153
In the next step of the kMC procedure, all potential reaction events should be identified and 154 listed taking into account a set of reaction rules that generates the reactions by inspecting the 155 structure of the molecules. Once all potential reaction events are identified, the normalised 156 probability for each reaction event is calculated as the ratio of its stochastic rate (R v ) to the The effect of the reaction temperature on the stochastic rate is taking into account by means of 169 the Arrhenius expression reflected in Eq. (5): 
180
The distribution D R is randomly sampled in order to select the next reaction (µ) to be 181 executed in the next reaction time step. For this purpose, a second random number between 0 182 and 1 is drawn (RN 2 ) and used to select the next reaction from the cumulative distribution D R ,
183
as shown in Eq. (7):
Once the reaction and the time step have been defined, the system is updated by the execution 186 of the selected reaction, which implies the replace of the reactant(s) by the product(s) and the structure with a number of rings which usually ranges from 0 to 4 [30] [31] [32] .
201
In the current work, it has been performed the molecular reconstruction of eleven LCO gas 202 oils using the SR and REM algorithms. The PDF's of molecular attributes in Table 1 relative deviations between calculated and experimental data and it is given by Eq. (8):
where N p is the number of properties present in objective function and δ i is the relative 257 deviation between the calculated and experimental values of property i which is calculated
258
following Eq. (9): considered as optimal to perform the stochastic reconstruction of LCO gas oils. 
Construction of the molecular representation of LCO gas oils
289
The analyses used in this case for the molecular reconstruction were the elemental analysis,
290
MS and simulated distillation. The elemental analysis provides information on the number of experimental and simulated properties were compared in Table 2 for a LCO gas oil.
294
Properties that were not used in reconstruction step (specific gravity, molecular weight, 1 H 295 NMR and 13 C NMR) were calculated from the predicted molecular mixture and also 296 compared with the corresponding experimental values.
297
The properties of the mixture obtained after the application of the SR step are mostly in good 
304
On the other hand, the coupled application of SR and SEM schemes led to a significant 305 improvement in the agreement between predicted and experimental data for most of the 306 properties ( Table 2 ). The most meaningful effects were observed on more specific and 307 detailed analyses, such as NMR and MS, while only small improvements could be detected in 
Application to the hydrotreating of LCO gas oils
323
Once the representative set of molecules has been generated for each LCO gas oil, the . The desulphurisation process in these species goes through two different pathways:
357
(1) the direct removal of the sulphur atom without ring hydrogenation (hydrogenolysis .
363
Taking into account the above information, the reaction types reflected in Table 3 
388
The values of the coefficients in the K eq expression proposed by Korre et al. 37 improve the prediction of the kinetics of benzoic compounds. The hydrogen exponential 396 coefficient, the coefficient for the thiophene correction and the independent term in the 397 expression for k SR were determined by minimising the difference between the predicted and experimental data for the gas oil LCO1 (Table 4) during its hydrotreating at 300 °C ( Figure   399 6.a).
400
A very good agreement between experimental and predicted data was obtained for 401 monoaromatic compounds. Besides, the fast hydrogenation of the aromatic compounds with 402 more than two aromatic rings was also properly reflected but some differences could still be 403 observed for saturates and diaromatic compounds. Despite they followed the same tendency 404 than the predicted data, the experimental data showed a larger removal of diaromatic 405 compounds and also a higher concentration of saturated compounds. The rate constants c HDS were obtained from the fit to the experimental data of the LCO gas oil 414 which was previously used to determine the coefficients in Eq. (15) (Figure 6 .b). In this case,
415
the predicted curves perfectly fit to experimental data of both BT and DBT compounds.
416
In order to validate the current modelling methodology, the hydrotreating of the three LCO 417 gas oils in Table 4 
Conclusions
438
A stochastic two-steps procedure has been described and validated on the hydrotreating of 439 three LCO gas oils at different operational conditions. In the first step, a molecular 
450
The current stochastic methodology has demonstrated to be a valid tool for the reconstruction 451 of LCO gas oils by combining their available analytical data. This procedure can be used not 452 only to get the molecular information that is not provided by analytical data but also to obtain 453 an accurate molecular representation which can be used as input in kinetic models. Monte
454
Carlo techniques have also given good results in their application on the kinetic simulation of 455 the hydrotreating of LCO gas oils. Moreover, the simulation of the reactions does not require 456 a pre-defined kinetic network due to it is generated as the reactions proceed. Besides, the use 457 of the corrected QS/RCs led to a good prediction of molecular reactivities in complex 458 mixtures of hydrocarbons such as LCO gas oils. Catal. 42, 345-471 (1998) . 
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